Interchain hopping of bipolarons (doubly charged defects) is discussed as a mechanism for spinless conductivity in doped polyacetylene, doped poly(p-phenylene), and other doped polymers. It is shown that this mechanism can account for the observed dopant-concentration dependence of the conductivity in trans-polyacetylene and the observation of anomalously low magnetic susceptibilities in the highly conducting regime of several doped polymers.
I. INTRODUCTION
The discovery of relatively high conductivities in doped organic polymers' was surprising because almost all organic systems have rather low conductivities due to the large band gaps, strong electron-phonon coupling, and large site fluctuations which are characteristic of these materials.
The anomalous behavior of the magnetic susceptibility of doped polyacetylene (i.e. , appearance of a high-conductivity regime with low spin concentration) led to the novel idea that the mobile species responsible for conduction at low doping concentration is a charged spinless soliton. ' The model of Su, Schrieffer, and Heeger, improving The factor Xi2(l) is the Franck-Condon factor (or square of the vibrational overlap) for the jump, a is the square of the electronic transfer integral, 4&(l) is the probability of finding a second charged soliton a distance 1 from the first on a single chain (chain 1), and 42(1+2) is the probability of finding a structure consisting of 1+2 carbon -carbon bonds on a neighboring chain (chain 2). We are making two assumptions here: (a) the probabilities for chains 1 and 2 are independent of one another, and (b) interchain jumps which would result in positive charges next to one another are forbidden (hence, the 1+2 term in 42). Assumption (a) is a gross oversimplification, but one which is difficult to remove. Assumption (b) infers some interaction between (positive) solitons which we believe is important. The factor X,i(l) can be expected to decrease monotonically with 1; we will assume that the functional form of X,z is and the spinless contribution to the conductivity will be o++(0)=AC g P(1)= Ac (1 -C)
where A is a temperature-dependent factor containing the electronic transfer integral, etc. Note that the conductivity will be proportional to C at low C, and will saturate at some concentration where C is the probability of finding the charged soliton on a site, taken to be equal to the concentration of positive charges (assumed equal to the concentration of the dopant on a per carbon atom basis). Note that we have g @i(l)=1 .
1=1
In PA, there are some restrictions on I due to the bonding sequence; we neglect them here for simplicity.
The expression for @i(l) can be found from that for 4,(l), since the probability of having at least I+2 consecutive noncharged sites is the total probability of having a separation larger than I +2 between charges, that is, 
